Background: This study is aimed at determining the efficacy of Mentha spicata (M. spicata) and Mentha × piperita (M. × piperita) in preventing chemotherapy-induced nausea and vomiting (CINV).
Introduction
CINV is a major problem for cancer patients [1] . Approximately 70-80% of all cancer patients receiving chemotherapy, experience nausea and vomiting [2] . Despite advances in antiemetic drugs, side effects continue to be clinically significant. The management of vomiting seems to be improved at the expense of nausea, as has been indicated in reports over the years. Nausea continues to be ranked first on the list of troublesome and distressing symptoms experienced by patients despite the use of 5-HT3 receptor antagonists, and it has profound effects on the quality of life of patients [3] .
Aromatic plants were used in ancient times for their preservative and medicinal properties, as well as to impart aroma and flavour to food. Hippocrates, who is sometimes referred to as the 'father of medicine' prescribed perfumed fumigations [4] , and aromatherapy, which is the inhaled use of essential oils used for therapeutic or medical purposes. Nowadays, herbs are commonly used for cancer symptoms management treatment in adults. Spearmint (Mentha spicata), and peppermint (Mentha × piperita) are recommended for their antiemetic and antispasmodic effects on the gastric lining and colon. Several studies show the efficacy of peppermint in reducing postoperative nausea and vomiting [5, 6] .
This study evaluates the efficacy and side effects of the volatile oils from the M. spicata and M. × piperita via the oral route for the prevention of CINV in cancer patients.
Patients and Methods

Identification of Oil Components
Analytical gas chromatography (GC) was carried out using a 3400 varian-star cx GC chromatograph with capillary column DB-5 (30 m × 0.32 mm i.d., 0.32-μm film thickness), a He carrier gas, split ratio of 1:10, and a flame ionisation detector.
The column temperature was programmed at 60°C for one minute and then heated to 240°C at a rate of 3°C/min, then kept constant at 265°C for 20 min. GC-mass spectrometry (MS) was performed on a Thermoquest 2000 with a quadrupole detector on a capillary column DB-5 (see GC), with a He carrier gas, a flow rate of 1.5 ml/min, and an oven temperature of 265°C. The mass spectrometer was operated at 70 eV ionisation energy. Retention indices were calculated by using retention times of n-alkanes, which were injected after the oil, at similar chromatographic conditions. The compounds were identified by comparing retention indices (RRI and DB-5) with those reported in the literature and by comparing their mass spectra with the Wiley library or with published mass spectra (Tables 1 and 2 ). 
Eligibility Criteria Patient characteristics
This was a randomised, double-blind clinical trial study. This study was conducted at the Omid Chemotherapy Hospital of the Mashhad Medical University in Mashhad, Iran. The inclusion criteria were patients with any cancer diagnosis (colon adeno-carcinoma, breast cancer, colorectal cancer, oesophageal cancer, liver cancer, lung cancer, Hodgkins lymphoma, non-Hodgkins lymphoma, melanoma, nasopharyngeal cancer, osteosarcoma, ovarian cancer, pancreatic cancer, sarcoma, stomach cancer, testicular cancer, and vaginal cancer), who were about to receive chemotherapy on an outpatient basis, and who were chemotherapy naïve. After the patients (or their guardians) signed informational consent forms, the patients received chemotherapy drugs (etoposide, ifosfamide, cisplatin, carboplatin, epirubicin, cyclophosphamide, adriamycin and/or irinotecan). Patients who were experiencing nausea and vomiting from causes other than chemotherapy reasons (i.e. intestinal obstruction, stomach cancer, pre-menstrual syndrome, motion sickness), or were deemed physically incapable of participating by the investigators, were excluded from the study.
The study was approved by the Ethics Committee of the Mashhad University of Medical Sciences. Identified variables for patients included age, sex, nutritional status (body mass index [BMI]), diagnosis, chemotherapy regime, previous exposure to chemotherapy, prescribed antiemetic medication and nausea or vomiting in previous treatments.
Prior to each cycle, patients underwent a physical examination and a complete haematological and urinary evaluation to assure optimal conditions to receive treatment.
Treatment plan
During each cycle, patients received their normal antiemetic regimen (granisetron, dexamethason or metocloprimide) plus spearmint and peppermint capsules (containing two drops of each essential oil and filled with sugar) every four h. This was administered 30 minutes before the patients received their chemotherapy treatment, again four h after the first capsule and finally, four h later at home.
Patients or guardians received a self-applicable questionnaire to record the number of emetic events and the intensity of the nausea during the next 24 h period following chemotherapy.
Patients also underwent a complete physical evaluation on each day of their hospitalisation in order to identify any abnormal event. Evaluation of these results was performed by a blind investigator. www.ecancer.org
Statistical analysis
Statistical analysis included the Mann-Whitney U test or the Kruskal-Wallis test to compare the median value of emetic events for each day in both groups, as the assumptions for Student's t-test or ANOVA were not fulfilled. Risk analysis included a relative risk analysis, which was performed by comparing the incidence of the effect (presence of CINV in both groups. Pearson's χ2 statistic was used to determine the association of nominal or ordinal variables. The Fisher's exact test was performed when conditions were not met.
Results
The volatile oil from the M. spicata and M. × piperita were examined by GC and GC-MS. Thirteen compounds were identified in the essential oils of M. × piperita and 14 compounds in M. spicata, which were then evaluated for their preventive properties in CINV (Tables 1 and 2 ).
Fifty patients were analysed for each group. Clinical details of the patients are summarised in Table 3 . No differences were found between treatment groups except for a greater proportion of normal weight in each group (Table 3) .
Efficacy was assessed based on the number of emetic episodes (vomiting and retching), and intensity and duration of nausea.
Intensity of nausea was scored between 0 and 100: absent (0) severe (100) ( Table 4) . Patients treated with M. spicata and peppermint were found to have a statistically significant reduction of the median emetic events during 24 h of treatment (acute phase) in which patients treated with placebo presented up to 1.8 emetic events versus 0.6 and 0.7 in the M. spicata and M. × piperita, respectively (p < 0.05) ( Table 5 ).
The intensity of nausea was also significantly reduced in the M. spicata and M. × piperita groups during 24 h of treatment compared with placebo (p < 0.05) ( Table 5 ). There was no statistical difference between spearmint and peppermint in controlling emetic events and intensity of nausea (p > 0.05).
None of the patients reported or presented any adverse effect during treatment with M. spicata and M. × piperita.
The cost of treatment with M. spicata and M. × piperita was significantly lower than with granisetron.
Discussion
Nausea and vomiting are still an obvious problem in patients receiving chemotherapy. On conditioning with more than 24 h of chemotherapy, patients are at risk for CINV throughout the entire treatment period. Aromatherapy is the inhaled use of essential oils for therapeutic or medical purposes. Ginger (Zingiber officinale), spearmint (M. spicata), and peppermint (M. × piperita) are recommended for their antiemetic and antispasmodic effects on the gastric lining and colon. Several studies show the efficacy of peppermint in reducing postoperative nausea and vomiting [6] , chemotherapy-induced nausea [7] , and colonic spasms during colonoscopy [8, 9] and after colostomy surgery [10] .
Exposure to ionising radiation induces nausea and vomiting, such as in radiation accidents. Hence, plants with antiemetic activity (e.g. Centella asiatica, M. × piperita, and Zingiber officinale) have been evaluated for their ability to provide radiation protection [11] [12] [13] [14] . Nevertheless, M. × piperita and M. spicata essential oils have not been fully analysed in populations.
In this study, we used spearmint and peppermint capsules (containing two drops of each essential oil every four h, filled with sugar, and administered 30 minutes before they received their chemotherapy treatment, again four h after first capsule and finally four h later in home) for all patients, independent of their age or weight. Furthermore, no significant side effects were found when increasing the dose.
Although it was not our aim to compare spearmint and peppermint, we found no difference between these two herbs in the control of vomiting in the first 24 h (p > 0.05). www.ecancer.org
Based on our results, we have concluded that the essential oils of spearmint and peppermint are less expensive, and a safe and effective therapeutic option for the treatment of chemotherapy-induced nausea and emesis in patients.
